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Abstract—This paper explores the key drivers of local energy
and flexibility markets, develops a set of plausible future scenarios
for these markets, and analyzes the scenarios’ impact. The
results can provide insight to policymakers, researchers, system
operators, and aggregators in a better design and more successful
implementation of local markets. This study is based on the
well-established scenario planning technique of ”intuitive logics”
and it is conducted by means of qualitative methods, surveys,
and cross-impact analysis. Results explore and rank the impact
and uncertainty of 20 key factors and trends which can affect
the future of local energy and flexibility markets. The results
show that factors related to the availability of active and smart
end-users, and regulatory incentives are the most impactful
and uncertain ones in the future of local markets. Four future
scenarios are introduced based on these factors and their impacts
are discussed.
Index Terms—Local flexibility markets, local energy markets,
scenario planning, distribution system operator, service market,
aggregator, flexibility
I. INTRODUCTION
The operational challenges in distribution networks are
arising due to increasing penetration of intermittent energy re-
sources [1], electrification of the transport and heating sectors,
and the transformation of the networks from uni-directional
centralized systems to bi-directional decentralized systems [2].
These challenges are, among others, balancing challenges,
congestions, voltage stability issues, and new peaks. The
concept of local markets for trading energy and flexibility is
suggested as a potential solution to overcome these challenges.
A market can be defined as a platform that gathers different
potential buyers, sellers, and retailers of a specific product
[3]. In the context of local energy and flexibility markets,
the product is energy or flexibility, which is traded in a
geographically limited area. Flexibility is the possibility of
adjusting patterns of generation and consumption in response
to a signal to provide different grid services. It is technically
defined as a power modification activated at a defined time for
a specified duration at a specific location [2]. Flexibility can be
deployed by the system operator to maintain system balance
while satisfying the grid capacity constraints and guaranteeing
the safe grid operation [4]. The geographically limited areas
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in local energy and flexibility markets can be neighborhoods,
small cities, towns, or communities [5]. Having such markets
at a local level can facilitate enabling small and distributed
flexibility, managing congestions at the distribution level, and
increasing awareness and engagement among end-users [6].
Further information about the state of the art for the local
markets can be found, among others, in [1], [2], [7], [8].
As the research is ongoing on the development and evalua-
tion of local markets, understanding the key factors and trends
that impact the future of local markets can contribute to a
better design and a successful implementation of such markets.
Scenario planning methods can be used to explore the key
factors and trends and provide insight to different stakeholders,
such as policymakers, system operators, service providers, and
researchers. Scenarios are the possible forms of the future that
provide narratives for a context and facilitate decision-making
[9]. However, it is important to keep in mind that scenarios
are not predictions of the future, but rather an exploration of
the drivers of change and multiple plausible future situations
[9], [10]. Scenario planning provides a structured conversation
to familiarize decision-makers with different uncertainties and
to build a shared understanding of such uncertainties [11].
This paper aims to explore the key drivers of local energy
and flexibility markets, to develop a set of plausible future
scenarios for the local markets, and to analyze the impact
of these scenarios. It provides insights for policymakers,
researchers, and other stakeholders to contribute to a better
design and a more successful implementation of local markets,
using well-established scenario planning methods.
Scenario planning methods are used in different research
areas. In the energy systems area, Chen et al. [12] have inte-
grated the Delphi method within scenario planning methods to
identify the key drivers and factors in China’s renewable en-
ergy development and develop scenarios for renewable energy
development on a time-horizon of 2030. Kuiper et al. [13]
developed and analyzed scenarios for the future of a Dutch
distribution system operator (DSO) for the year 2030 using an
8-step scenario development approach via the intuitive logic
method. Alizadeh et al. [14] proposed an integrated scenario-
based planning method including various methods such as
Delphi, political, economic, social, and technological analysis,
and cross-impact analysis. Iran’s energy industry is used as a
test-case for the method. Schuckmann et al. [15] identifies and
assesses various factors that affect the future of the transport
sector, and develops four different probable future scenarios
while discussing managerial, strategy and policy implications.
Shiftan et al. [16] have also used the scenario approach to
explore the future developments of Tel-Aviv and extracting
the key elements in forming the future of its transportation.
Scenario planning methods have not been used broadly
in the research area of energy management systems for
familiarizing different stakeholders with the uncertainties in
the implementation of new concepts. Moreover, there are
no studies about local energy and flexibility markets that
use such methods to explore the key factors impacting the
future of the local markets for flexibility and energy, develop
plausible future scenarios for the local markets, and analyze
their impacts. Thus, the contributions of this paper are: 1)
introducing scenario planning methods to provide insight
for future developments of emerging concepts in the energy
system’s area, 2) exploring and ranking the key factors that
affect the future of the local markets in Europe (with a focus on
Sweden), 3) developing qualitative plausible future scenarios
for the local markets, analyzing the impacts of the scenarios,
and providing suggestions to address these impacts.
In the rest of this paper, the utilized methodology for sce-
nario planning is elaborated in Section II. The results including
the identified key factors and the developed scenarios are
presented in Section III. The key impacts from the scenario
analysis are discussed and suggestions are provided in Section
IV. In Section V, the study is concluded.
II. METHODOLOGY
The three main schools of techniques for developing scenar-
ios are intuitive logics, probabilistic modified trends methodol-
ogy, and the French approach La prospective [17], [18]. Each
of these techniques has been evolved in different institutes to
achieve specific purposes. The intuitive logics school is one of
the most dominating methods for scenario development, and
has received a lot of attention in the literature for scenario
planning [17]. This approach was originally used by Pierre
Wack at Shell in the 1960s [17]. The purpose of this method
is to make sense of situations and developing strategies, while
it can also be an ongoing learning activity [17]. Such purposes
match the objective of this study as it is a process-oriented
methodology and it aims to provide insights into an on-going
learning activity. This approach does not require complex
computer-based analysis [17] and can be used as initial input
for designing a concept. The output is a set of plausible
qualitative scenarios in a narrative form. This set of equally
plausible scenarios include strategic options, implications and
early warning signals [17] which can be used as input to
different stakeholders involved in designing the local markets.
Scenario development approaches for the intuitive logic
method are varied in the literature, ranging from five to fifteen
steps or more depending on what features of the scenarios
are included [17], [18]. The approach used in this study is a
seven-step process proposed by Conway [19]. This approach
is a more generic form of approaches proposed by Schwartz
[20] and the Stanford Research Institute International (SRI)
[21], [22]. These approaches are among the most popular and
frequently used approaches in intuitive logic school [13], [18].
The seven-step process is as follows:
1) Identify the focal question
2) Environmental scanning- internal and external
3) Selecting drivers of change and ranking them
4) Building the scenario matrix
5) Developing the scenarios
6) Presenting the scenarios
7) Considering the strategic implications
In step one, the focal question needs to be identified. These
questions in this study are: 1) what the plausible scenarios for
the future of the local energy and flexibility market are, and 2)
what the impact of these scenarios would be? In step two, the
environment scanning was done by literature review [7], [23],
[24], experiences from relevant projects [25], [26], and inputs
from four DSOs in Sweden, Switzerland, Turkey, Bulgaria.
In step three, the key driving factors and trends were
identified based on the inputs in step two and iterated be-
tween a group of experts to finalize the core key factors.
The ranking of these key factors was done by two means.
A survey was designed to rank the impact and uncertainty
of the factors, and a cross-impact matrix was designed to
identify the dynamics between these factors and finding the
most impactful factors. In the survey, the participants were
asked the following questions: Considering the horizon up to
the year 2035, 1) ”what level of uncertainty do you foresee
regarding each of the factors and trends?”, and 2) ”how
impactful are these factors and trends in your country on
the future of local energy/flexibility trading?”. The level of
impact and uncertainty is rated based on a Likert scale (from
zero to five). Zero represents low impact/uncertainty and five
represents high impact/uncertainty. The survey was distributed
among experts that have a background and understanding of
the concept of local energy and flexibility trade. For filling
the cross-impact matrix, the experts were asked to rate the
impact of each key factor/trend on other factors (Figure 1).
Each cell of the matrix indicates how much the corresponding
factor of the row impacts the column’s factor. The active
score of a factor is the sum of the row corresponding to that
factor. A higher active score implies that the factor/trend has a
higher cross-impact on the other factors/trends, and therefore
it can be relatively more important. The cross-impact matrix
was filled by a smaller group of experts compared to the
survey participant because it is more time-consuming for the
participants and therefore it received fewer responses.
Fig. 1. A cross-impact matrix and the active score.
In step four, a four-quadrant scenario matrix was built based
on the received inputs in step three. To build the scenario
matrix (Figure 2b), the two most uncertain and impactful
factors must be chosen. This was done by ranking the survey
results (Figure 2a) and further narrowed down by considering
the obtained scores from the cross-impact analysis [27]. The
two most impactful and uncertain factors in Figure 2a were
used for forming the two axes of the scenario matrix in Figure
2b. The most impactful but less uncertain factors are highly
suggested to be considered while designing the project outputs.
Factors with high uncertainty but low impact are secondary
issues. Less impactful and less uncertain factors are to monitor
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Fig. 2. Factors ranking and scenario matrix: (a) uncertainty-impact ranking
(modified figure from [13], [19]), (b) scenario matrix based on the two most
uncertain and impactful factors
In step five, the four different worlds (scenarios) from step
four were further assessed and described to build a narrative
and check if they make sense to the group. In step six, the
results were formed in a presentable format. Lastly, in step
seven, the implications of the scenarios, including their impact
and characteristics were identified and described accordingly
by means of workshops and iterations among the group of
experts involved in the task.
III. SCENARIOS
The final trends and key factors for the future of the concept
that were selected based on the methodology (steps 2 and 3).
The uncertainty and impact of these factors were evaluated by
surveying 14 experts from different stakeholders in different
EU countries (the majority from Sweden). The cross-impact of
the same factors were analyzed internally in a smaller group
of experts on the topic. The key factors and the results from
the survey and cross-impact analysis can be seen in Table I.
To be able to develop the scenarios, we need to rank the
factors to find the most uncertain and impactful elements. For
ranking, the results from the survey are grouped into four
groups based on Figure 2a. The result is presented in Figure
3 where the two dashed lines that group the factors are the
average of uncertainty or impact scores. The critical scenario
drivers (in the up-right corner) are factor numbers 8, 11, 15, 9,
and 3. The two axes of the scenario matrix (Figure 2b) need to
be selected from these five critical factors. The active scores
from the cross-impact analysis were used to filter further the
critical scenario drivers. Among the critical scenario drivers
(factor numbers 8, 11, 15, 9, and 3), factor 11, 8, and 15
have the highest active scores of 32.7, 30, and 29.7. Since the
active score of factors 8 and 15 are very close and factors 11
and 8 are directly related to end-users, one axis was chosen to
include critical factors related to end-users (i.e. factor numbers
11 and 8). The second axis was chosen to be based on factor
number 15 which is related to the regulatory incentives for the
DSOs. Accordingly, the four plausible future scenarios for the
local markets were developed (Figure 4).
Fig. 3. Results for uncertainty-impact ranking: each point is a factor/trend in
Table I, and the separating lines are the average of all uncertainty or impact
scores for all factors/trends.
In Figure 4, the Y-axis represents two characteristics of end-
users. The first characteristic is whether end-users are willing
to participate in local markets (being active or passive), and the
second one is if end-users are automated, digital, and can have
a fast and precise control over their energy assets or not (being
smart or conventional). The X-axis represents the existence of
regulatory incentives for DSOs to promote the local markets.
Due to the monopoly nature of DSOs, there are regulations that
financially regulate DSOs. These regulations can favor capital
expenditures over operational costs. Therefore, investing in
the infrastructure can be financially more attractive to DSOs
rather than using operational measures such as local markets.
Moreover, developing local markets can be more challenging
for DSOs compared to traditional investments which might not
be interesting if not financially beneficial [23]. So, changes
in the regulatory framework can incentivize DSOs to deploy
local markets or not. Based on these axes, four plausible future
scenarios for the concept are formed and explained below.
A. Scenario I
Scenario I is the most suitable future for the local energy
and flexibility markets among the developed four scenarios. In
this future, the end-users are digitalized and smart. They have
automated, fast, and precise control over their energy assets
such as distributed generation (DG), batteries, heat pumps, and
controllable loads, and they are willing to actively participate
in the local markets. Furthermore, the cost-effectiveness and
functionality of the local markets are communicated ade-
quately with regulators and the involved stakeholders. As a
result of this communication, regulatory incentives are in place
for DSOs to participate and promote these local markets.
TABLE I
ANALYZED KEY FACTORS/TRENDS AND THEIR UNCERTAINTY (U), IMPACT (I), AND ACTIVE (A) SCORE. A HIGHER ACTIVE SCORE SHOWS MORE IMPACT
FROM THE FACTOR ON OTHER FACTORS.
Factor/trend (T: Technical, S: Social, P: Political, F: Financial) U I A
1 Availability of distributed generation (DG) (T): Enough penetration level of DG for participation in the local markets 2.8 4.1 33.7
2 Availability of distributed energy storage (T): Enough penetration level of distributed storage for participation in the local markets 3.4 3.6 30.7
3 Availability of electrified transportation (T): Enough level of electrification in the transport sector that can affect Vehicle-to-Grid
capabilities or cause new peaks, congestions, etc. in the grid
3.2 3.9 21.3
4 Availability of electrified heating and cooling (T): Enough level of electrification in heating and cooling sectors that can affect
the available flexible units in the system or cause new peaks, congestions, etc. in the grid
2.6 3.9 23.3
5 Availability of electrified industries (T): Enough level of electrification in the industries that can affect the available flexible units
or cause new peaks, congestions, etc. in the grid
3.1 3.5 29.3
6 Availability of high-resolution data from smart meters (T): Availability of enough high-resolution data from smart meters which
includes the accessibility of the data and enough deployment of smart grids
2.2 4.6 29
7 Availability of smart and digital grid monitoring and control (T): Enough level of smart and digital grid monitoring and control
for faster and more precise identification of the grid’s status
2.6 4.3 32.3
8 Availability of smart and digital end-users (T): Enough level of smart and digital end-users with automated, fast and precise
control of load and distributed technologies like generation or storage units
3.8 4.4 30.0
9 Availability of relevant new competences in the energy industry (T/S): Enough level of new competences (e.g. data, Internet of
Things (IoT), and statistics) in the energy industry can affect the implementation of local energy and flexibility trading solutions
3.8 3.9 26.0
10 Tendency of end-users for self-consumption (S): Tendency of end-users to become less dependent on the grid due to financial or
life-style related reasons
3.7 3.6 30.7
11 Tendency of end-users for active participation (S): Active participation of end-users in the local markets 4.1 4.0 32.7
12 Number of end-users (S): Increase in the number of end-users due to general population growth or immigration to the cities can
reach a level that might cause congestions and challenges in the distribution grid
2.6 3.0 21.3
13 Resistance from the conservative culture of the energy industry (S): The conservative and risk-captious culture of the energy
industry might cause resistances towards adoption of innovative solutions like local energy and flexibility trading instead of
conventional solutions like grid reinforcements based on reasons such as safety and stability.
3.2 3.5 17.7
14 Positive changes in DSOs unbundling regulations (P): Current unbundling regulations in some countries prevent DSOs’ ability to
trade energy or own distributed energy technologies
3.4 3.5 26.0
15 Positive changes in regulatory incentives for DSOs (P): DSOs and TSOs are highly regulated in many countries. Depending on
how these regulations are formulated, DSOs might or might not have the incentives to participate in the local market
3.6 4.1 29.7
16 Increase of carbon taxes(prices) on local fossil-based generation (P): This increase can be a driver for promoting local and clean
distributed generation and storage
3.0 3.3 28.0
17 Increase of restrictions on end-user privacy (P/S): More restrictions on the end-users’ privacy might affect the participants of
local energy and flexibility trading regarding the data handling
3.0 3.3 14.0
18 Increase of investments in grid reinforcements (F): The need for these investments can be a driver while being a competitor for
the local energy and flexibility trade
2.8 4.0 20.3
19 Increase of wholesale electricity prices (F): An increase of wholesale electricity prices might be a driver for a higher local clean
distributed generation and storage
3.1 3.6 24.3
20 Increase of grid tariffs (F): This increase might affect the end-users or energy producers’ behavior and their willingness to
participate in local energy or flexibility trading
2.5 3.8 28.3
Due to the willingness and smartness of the end-users,
recruiting participants is relatively easier. In this scenario,
the number of participants can be larger. Thus, the concerns
about market liquidity or market power exercises are less. This
scenario can have good potentials for implementing peer-to-
peer trading structures. On the other hand, because of the high
number of participants which can be private individuals, a
well-designed process is required for the qualification of the
participants to avoid issues such as the inability to deliver the
cleared flexibility or energy. This qualification process can be
costly and complicated for market operators and participants.
Moreover, because of the high number of small individual
participants, the scalability and computational burdens from
the high number of participants need to be examined carefully.
B. Scenario II
The previous characteristics for the smartness and activeness
of the end-users are valid for scenario II. However, there are no
regulatory incentives for the DSOs to participate or promote
the local markets. Due to the activeness and smartness of end-
users, this scenario has a good potential for implementation of
peer-to-peer structures while the concerns regarding scalabil-
ity, computational burden, and qualification procedures exist.
To have a more implementable market design in such a
future, it is important to consider other possible consumers of
flexibility/energy (e.g. balancing responsible parties, or TSOs)
while designing the solution. Besides, proactive communica-
tion and share of experience with DSOs play an important role
in reforming this scenario towards Scenario I.
In this scenario, dynamic tariffs and other new tariff designs
are the competitors to the concept of the local market. This
is because the end-users are smart and active and capable of
reacting to such tariff designs and local markets do not have
any regulatory superiority over the new tariff designs.
C. Scenario III
This scenario is a challenging form of future for the
concept of local markets and similar to where we are today.
The end-users are considered as passive players that are not
willing to participate in the local trade. Moreover, the level of
digitalization, smartness and control is limited in the end-users.
These characteristics of the end-users can also be translated
to special regions or archetypes in a city, or the initial phase
for implementation of local markets. Similar to scenario II, it
does not benefit from regulatory incentives for DSOs.
A larger number of participants and possibly a higher
market liquidity
Higher plausibility for peer-to-peer solutions
Higher costs for qualification processes
Scalability challenges and higher computational
burdens
A lower number of participants and market liquidity
A challenging scenario for the aggregators
Active grid control and grid reinforcements can be the
competitive solutions
Proactive communication and share of experience with
DSOs and regulatory bodies are required
A lower number of participants and market liquidity
The dominant flexibility providers are aggregators and
large end-users
DSOs would be more active
Solutions such as capacity markets and contracts are
suggested to incentivize investments in the smartness
of the end-users 
A larger number of participants, a higher market liquidity
Higher plausibility for peer-to-peer solutions
Higher costs for qualification processes
Scalability challenges and higher computational burdens
Innovative tariff designs can be a competitive solution
Proactive communication and share of experience with DSOs











Scenario I: Final adoption phasesScenario II: Pilot projects/intermediary adoption phases
Scenario III: Initial adoption phases Scenario IV: Intermediary adoption phases
Fig. 4. Scenario matrix for future of local energy and flexibility trade
For a successful implementation of the concept in this
scenario, end-users need to be digitalized and the ease-of-
use needs to be considered for recruiting participants. The
intermediary actors (e.g. aggregators) that facilitate the par-
ticipation of end-users play an important role in this scenario.
An example of providing smartness while recruiting end-users
is Voltalis [28]. Voltalis provides end-users a box that controls
the heating in the apartment. The end-users can opt-out of
participating by just pressing a button. The box, its installation
and maintenance are free-of-charge. Such extra costs for
aggregators might result in higher prices for flexibility/energy,
which highlights the importance of developing cost-effective
business plans for these actors. Moreover, the limited number
of participants/aggregators might cause other challenges such
as market illiquidity and market power practices.
In this scenario, other solutions like active grid control
methods or grid reinforcements are among the competitors for
the concept of local markets. Moreover, peer-to-peer solutions
might face difficulties in implementation due to the unwilling-
ness or unavailability of smart end-users for participation.
D. Scenario IV
The last scenario is a possible future realization where the
DSOs are incentivized by regulations while end-users have
remained passive and conventional. In this scenario, the DSOs
can play an active role besides aggregators in digitalizing and
recruiting the end-users. Like the previous scenario, the end-
users are not willing to participate actively in the market;
therefore, the main supplier of the flexibility/energy would be
aggregators or large industrial end-users.
As the DSOs are more willing to promote local markets,
instruments such as capacity markets or long-term contracts
can be designed with the help of DSOs to incentivize invest-
ments in the smartness and digitalization of end-users while
affecting their willingness to participate in these markets.
IV. KEY IMPACTS AND SUGGESTIONS
The results from the scenario development for the future
of the local energy and flexibility trading have shown that the
highest expected impact and uncertainty are regarding the end-
users’ willingness for participation, their level of digitalization
and automation (smartness), and regulatory incentives for
adoption of the local markets. Moreover, the results of the
survey show that an increase in grid-reinforcement, and the
availability of DGs, electrified heating and cooling, smart
and digitalized grid monitoring and control tools, and high-
resolution data have lower uncertainty but high impact on the
future of these markets. The results from this work can be
used by different stakeholders in the field as an insight into
the possible key factors. However, they are not necessarily a
forecast of the future for these markets.
Considering the above-mentioned key results, DGs, EVs,
and electrified heating and cooling would possibly be available
to a certain extent on the end-user side. However, the key
concern is whether these assets are accessible to be involved in
the local markets or not. The key concern is arising from, first,
the willingness of the end-users for participation and, second,
the end-users’ level of digitalization and automated control
for these assets. Therefore, considering different instruments
for increasing the level of willingness and smartness of the
end-users can be crucial for a successful implementation
of these markets. Among others, the possibility of utilizing
incentivizing instruments such as capacity markets or long-
term contracts, regulations to increase the smartness (e.g. grid
codes), or investments by aggregators or DSOs for providing
smart switches and IoT platforms to the end-users can be
considered. The incentivizing instruments can be built between
DSOs and end-users, DSOs and aggregators, or aggregators
and end-users. In addition, avoiding complex market struc-
tures, developing modular and API-based designs for different
system components and algorithms, developing user-friendly
and automated designs for control systems at the end-user level
are suggested to further facilitate market participation.
Regulatory incentives to promote local markets have shown
a great impact on the future of local markets. The existence
of these incentives by the year 2030 is relatively uncertain.
Therefore, proactive communication with system operators
and regulators are suggested to share the experience and
the results. This communication can help smoothening the
adoption phase and leads to a faster transition from the worst
scenario (scenario III) to the preferable scenario (scenario I).
In the survey results, the impact of distributed energy
storage technologies is rated low with a high uncertainty for a
considerable penetration level. Due to the intermittent essence
of renewable DG, and also a considerably high active score of
distributed storage in the cross-impact analysis, it is important
to further evaluate such technologies to obtain a better insight
into the impact and uncertain role of them in local markets.
Regarding the scenario I and II, better market liquidity can
be obtained with a higher number of participants. However,
the computational burden and higher qualification processes’
costs can cause scalability issues. Therefore, considering these
aspects are suggested when designing the system.
Finally, other solutions such as innovative tariff designs,
direct grid control, and grid reinforcements can be used along-
side or instead of local markets. To maximize the value for
all stakeholders and society, considering these other solutions
is recommended for building comprehensive approaches to
resolve the expected challenges in the most efficient manner.
V. CONCLUSIONS
In this paper, a well-established method in intuitive logics
school of scenario planning is presented and applied for local
energy and flexibility markets. The key factors that impact the
future of the local markets in Europe (with a focus on Sweden)
are explored and ranked using this method. Four plausible
future scenarios were developed for the local markets based
on these factors, and the key impacts from these scenarios
were discussed and suggestions were provided accordingly.
The results show that the availability of active and smart
end-users, and possible regulatory incentives for promoting
the local markets play important roles in the future of local
markets but yet comparatively with a higher uncertainty in
their existence. The activeness of the end-users reflects the
willingness of them to participate in the local markets and
the smartness of end-users reflects their technical capabilities
to participate in such systems. The technical possibility for
participation can include automation, digitalization, and having
a fast and precise control over different distributed energy
assets. Other impactful factors in the future of local markets
that have less uncertainty in their existence are the availability
of high-resolution data, the availability of smart and digital
grid monitoring and control, the availability of distributed
generation, an increase of investments in grid reinforcements,
and the availability of electrified heating and cooling.
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